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ABSTRACT  
The primary objective of this study is to validate the numerical method applied in the analysis of two-dimensional 
turning diffuser performance. A sharp 90o two-dimensional turning diffuser of area ratio, AR = 2.16 operated at inflow 
Reynolds numbers, Rein = 5.786 x 104 - 1.775 x 105 was considered.  The applicability of standard (ske), renormalization 
group (rngke) and realizable (rke) k- turbulence models adopted various near wall treatments namely standard wall 
functions, non-equilibrium wall functions and enhanced wall treatment to simulate the actual cases was assessed. The ske 
adopted enhanced wall treatment of y+  1.1 - 1.8 appears as the best validated model, producing minimal deviation with 
comparable flow structures to the experimental cases (using particle image velocimetry).  
Keywords: Diffuser, CFD, PIV, Validation  
 
INTRODUCTION  
Diffusers are classified by their geometry. A 
diffuser that is introduced with no turn is known as a 
straight diffuser [1-3], whereas a diffuser introduced with 
certain angle of turn is called a turning diffuser or a curved 
diffuser [3-8]. Study of the geometry effect on diffuser 
performance has been of fundamental interest to 
researchers in the area of fluid mechanics since decades 
and it continues to grow [9-15].  
The primary index used to measure the 
performance of a diffuser is outlet pressure recovery 
coefficient (Cp) [1, 2, 8]. The value of Cp indicates how 
much kinetic energy is  successfully converted to pressure 
energy. The main problem in achieving a high pressure 
recovery is flow separation, which results in non-uniform 
flow distribution and excessive energy losses. It is even 
worse, particularly when a 90o turn together with a 
diffusing effect is applied. The flow through a turning 
diffuser with 90o angle of turn is rather complex, 
apparently due to the expansion and sharp inflexion 
introduced along the direction of flow, causing strong 
adverse pressure gradient-driven streamwise vortices. 
The k- turbulence model along with appropriate 
setting of grid and wall boundary conditions managed to 
predict the flow within various type of diffusers [2, 9-14]. 
The standard wall function was successfully applied by 
Ibrahim et al. [12] to predict the performance of S-shaped 
diffuser. The first grid point off the wall, 30 < y+ < 300 
managed to adequately capture boundary layer separation 
within the respective diffuser [12]. On the other hand, 
relatively dense mesh, 30 < y+ < 60 was prescribed for 
axisymmetric curve diffuser in order to reflect the rapid 
change or much sharper gradient of flow field [9]. For 
diffusers that possessed complex near wall phenomena, 
i.e. 3-D diffuser and combined bend-diffuser enhanced 
wall treatment with y+ = 0.8 and 4.6 was respectively 
applied [2, 13].  
In the present work, the applicability of k- 
turbulence models namely standard k- (ske), 
renormalization group k- (rngke) and realizable k- (rke) 
by means of adopting standard wall functions, non-
equilibrium wall functions and enhanced wall treatment to 
simulate the flow within a turning diffuser are assessed.  
A 90o two-dimensional turning diffuser of area ratio,  
AR = 2.16 operated at inflow Reynolds numbers, 
Rein=5.786 x 104-1.775 x 105 is considered.  
 
EXPERIMENTAL STUDY  
The experimental work was conducted to 
establish the actual data for the use of CFD validation. 
Figure 1 shows the experimental rig that was developed 
incorporated with several features of a low subsonic wind 
tunnel system such as settling chamber with multiple 
screens arrangement and contraction cone of 1:6 ratio. 
This setup was proven to provide steady, uniform and 
fully developed flow entering the diffuser [16, 17].  
As shown in Figure 2 (a), static pressure tappings 
of 2 mm diameter were located 5 cm before and after the 
actual inlet and outlet turning diffusers respectively, and 
connected to a digital manometer of resolution 1.0 Pa 
using a triple T-design tube piezometer to provide the 
average static pressures at the inlet (Pin) and outlet (Pout). 
A 2-D particle image velocimetry (PIV) was 
employed to acquire the velocity vector within the 
diffuser. As shown in Figure 2 (b), the camera was 
arranged to be perpendicular to the target plane within a 
satisfied-calibrated distance that the plane could be 
entirely captured [18]. Calibration was done by adopting 
direct linear transform (DLT) model. 
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Figure- 1. Experimental setup  
 
(a) 
 
(b) 
Figure- 2. Measurement setup to determine (a) outlet and 
inlet static pressure pressures (b) flow vectors  
 
NUMERICAL STUDY 
 
Geometrical Domain and Boundary Conditions 
ANSYS DesignModeler was used to create the 
geometrical domain. As shown in Figure 3 (a), the inner-
wall and center curves were constructed using quarter 
circles of radii 12 cm and 17.5 cm respectively. The outer-
wall curve was shaped using circular-arcs tangent to the 
sequence of circles, thus an even area propagation 
between the inner and outer wall passages could be 
established relative to the center.  A three-dimensional 
flow domain in Figure 3 (b) was created by extruding the 
base object, i.e. solid line in Figure 3 (a) of 13 cm. The 
actual outlet was extended by a length equal to the center 
curve length, Lm to remedy the flow, after which the 
pressure could be considered as the atmospheric pressure.   
Three types of boundary operating conditions 
were imposed. The inlet velocity, Vin was varied in the 
range 12.92 to 39.66 m/s corresponding to the Rein = 5.786 
x 104 – 1.775 x 105. This represented to a turbulent 
intensity, Iin of 4.1 - 3.5 %. At the outlet boundary, the 
pressure was set at atmospheric pressure (0 gage pressure). 
At the solid wall, the velocity was zero due to the no-slip 
condition.  
 
Solver Settings 
ANSYS Fluent 14.5 was used as a platform for 
the analysis. The flow was assumed to be incompressible, 
three-dimensional (x, y and z direction), fully-developed, 
steady state and isothermal. The gravitational effect was 
negligible. The Reynolds Average Navier Stokes (RANS) 
equations as follows were solved. 
Continuity equation: 
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Figure- 3. (a) Construction lines, i.e. dashed line of a 90o 
turning diffuser (all dimensions in centimeters) 
(b) Three dimensional flow domain 
 
x- momentum equation: 
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y- momentum equation: 
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z- momentum equation: 
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The applicability of ske, rngke and rke turbulence 
models to close the RANS equations was verified. 
Pressure based solver with a robust pressure-velocity 
coupling scheme, SIMPLE was applied. The gradient was 
discretised by Green-Gauss Cell-based. As it involved 
high pressure gradients, pressure was discretised by 
PRESTO scheme.  A 3rd order accuracy scheme, QUICK 
was used to discretise the convection terms, i.e. 
momentum, turbulent kinetic energy and turbulent 
dissipation rate owing to its proven capability to solve the 
flow in diffuser when hybrid mesh was applied.  The 
convergence criterion was set to be 10-6.  
 
Grid Independence Study  
The grid was generated using ANSYS ICEM 
CFD with the size of wall-adjacent cell, y+ was prescribed 
as follows: 
v
uy
y                                                                       (4) 
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Table- 1. The first grid point off the wall, y+ 
 
 
Figure- 4. Hybrid grid 
where,  
y  =   normal distance from the wall (m)   
u = friction velocity (m/s) 
 = kinematic viscosity (m3/s)      
The friction velocity was estimated as: 
2
fw CVu 



                                               (5) 
where,  
  V= flow velocity (m/s) 
4/1Re039.0
2
f
C                                          (6) 
Hexahedral mesh has been verified previously to 
provide the best continuity and fitted the curved 
geometries well [10, 11]. However, it was beyond the 
capacity of the computer in this study to generate uniform 
hexahedral mesh with adequate refinement to represent the 
actual flow. The adequate refinement particularly along 
the inner and outer walls was achieved merely by applying 
hybrid grid, i.e. tetrahedral and wedge elements. 
As presented in Table 1, for standard and non-
equilibrium wall functions y+63 was applied. Whereas, 
y+1.1-1.8 was set for enhanced wall treatment. Figure 4 
shows that the grid was uniformly scattered throughout the 
diffuser with the skewness of elements for all cases less 
than 0.3. 
 
RESULTS AND DISCUSSION 
 
The grid independency was checked as depicted 
in Table 2. The ske turbulence model was applied for three 
kinds of grids, i.e. coarse, medium and fine by means of 
adopting standard and enhanced near wall treatments. The 
medium mesh was chosen as final meshing since it 
provided relatively small change of Cp to the fine mesh 
with reasonable CPU time. Figure 5 shows the effect  
of refining the grid on the outlet velocity profile extracted 
across the centre of actual outlet. Basically, there was 
insignificant change of velocity profiles particularly 
between the medium and fine mesh. 
Validation of numerical work was carried out by 
comparing the simulation results with the experimental 
results.  The parameters considered for validation purpose 
are velocity profile across the centre of actual outlet, Vi 
and outlet pressure recovery coefficient, Cp. 
Table- 2. Grid independency check 
  
 
(a) 
 
(b) 
 
(c) 
Figure- 5. Velocity profiles by refining the grid (a) Rein 
=5.786 x 104, (b) Rein =1.027 x 105 and (e) Rein=1.775 x 
105 
 
 
 
(a) 
 
(b) 
 
(c) 
Figure- 6. Velocity profiles by adopting various CFD 
models and near wall treatments (a) Rein=5.786 x 104, (b) 
Rein =1.027 x 105 and (c) Rein =1.775 x 105 
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As is seen in Figure 6, velocity profiles modelled 
by CFD satisfy the experiment optimally in all cases when 
enhanced near wall treatment is adopted. Table 3 shows 
that the ske model adopted enhanced near wall treatment 
consistently gives less than 6% of numerical deviation. As 
is shown in Table 4, the least deviation of Cp, 0-1.7% and 
comparable flow structures with almost similar onset flow 
separation between numerical and experimental are 
obtained when ske+enhanced wall treatment model is 
applied (see Figure 7-9). 
 
Table- 3. Average deviation of velocity distribution by 
applying ske model adopted different near wall treatment 
 
 
Table- 4. Deviation of Cp by applying different CFD 
model adopted enhanced wall treatment 
 
 
 
(a) 
 
(b) 
Figure- 7. Flow structure within the turning diffuser 
operated at Rein=5.786 x 104 (a) experimental and (b) ske 
+ enhanced wall treatment 
 
 
(a) 
 
 
(b) 
Figure- 8. Flow structure within the turning diffuser 
operated at Rein=1.027 x 105 (a) experimental and (b) ske 
+ enhanced wall treatment 
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(a) 
 
 
(b) 
Figure- 9. Flow structure within the turning diffuser 
operated at Rein=1.775 x 105 (a) experimental and (b) ske 
+ enhanced wall treatment 
 
CONCLUSION 
In conclusion, the current work validates the 
numerical method used to intensively study the 
performance of turning diffusers. The ske adopted 
enhanced wall treatment, y+1.1-1.8 appears as the best 
model to represent the actual cases. 
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